INTRODUCTION
Over the course of the last few years, climate change litigation has been transformed from a creative lawyering strategy to a major force in transnational regulatory governance of greenhouse gas emissions. This book traces that journey and looks ahead to the future by considering a range of lawsuits and petitions filed in state, national, and international tribunals, as well as some potential causes of action. These actions cover an immense legal terrain but have in common their concern with more effective regulation of greenhouse gas emissions.
This introductory chapter frames the contributions in this book. It first provides an overview of climate change science, including both the current and the projected global impacts of climate change; second, it assesses current institutional responses to climate change and why they have been and likely will continue to be wholly inadequate to confront the looming threat of climate change in this century and beyond; third, it examines current efforts to open a new front to address climate change and climate change litigation; and finally, it provides a synopsis of the chapters that follow.
OVERVIEW OF CLIMATE CHANGE SCIENCE
The most recent assessment by the Intergovernmental Panel on Climate Change (IPCC) 2 concludes that global average surface temperatures have increased by 0.8 • C over the last century, with the linear warming trend over the past fifty years twice that of the past century.
3 Moreover, the assessment concluded that "[m]ost of the observed increase in globally averaged temperatures since the mid-20th century is very likely due to the observed increase in anthropogenic greenhouse gas concentrations."
4
This section provides an overview of the scientific understanding of the growth of these emissions and its impacts.
The surface of the Earth is heated by solar radiation emanating from the sun at short wavelengths between 0.15 and 5 µm. Each square meter of the Earth receives an average of 342 watts of solar radiation throughout the year.
5 Approximately 26% of this radiation is reflected or scattered back to space by clouds and other atmospheric particles, and another 19% is absorbed by clouds, gases, and atmospheric particles.
6 Fifty-five percent of incoming solar energy passes through the atmosphere. Four percent is reflected from the surface back to space, with the remaining 51% reaching the Earth's surface. 8 This absorption is termed the "natural greenhouse effect" because these gases, which are termed "greenhouse gases," operate much like a greenhouse: they are "transparent" to incoming shortwave radiation, but "opaque" to outgoing infrared radiation, trapping a substantial portion of such radiation and reradiating much of this energy to the Earth's surface, increasing surface temperatures.
9 While greenhouse gases constitute only 1% of the atmosphere, 10 they are critical to the sustenance of life on Earth, elevating surface temperatures by about 33
• C.
11
Prior to the Industrial Revolution, atmospheric concentrations of naturally occurring greenhouse gases had been relatively stable for 10,000 years.
12 As a consequence, the net incoming solar radiation at the top of the atmosphere was roughly balanced by the net outgoing infrared radiation.
13 However, with the advent of fossil fuelburning plants to support industry, automobiles, and the energy demands of modern consumers, as well as substantial expansion of other human activities, including agricultural production, "humans began to interfere seriously in the composition of the atmosphere"
14 by emitting large amounts of additional greenhouse gases. The human-driven buildup of greenhouse gases in the atmosphere has resulted in "radiative forcing"; that is, increased levels of these gases result in greater absorption of outgoing infrared radiation, and ultimately an increase in temperatures when a portion of this radiation is reradiated to the Earth's surface.
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The most important anthropogenic greenhouse gas over the past two centuries has been carbon dioxide, which is primarily attributable to fossil fuel The earth then is radiating less energy to space than it absorbs from the sun. This temporary planetary energy imbalance results in the earth's gradual warming . . . Because of the large capacity of the oceans to absorb heat, it takes the earth about a century to approach a new balance -that if, for it to once again receive the same amount of energy from the sun it radiates to space. And of course the balance is reset at a higher temperature. 17 Carbon dioxide has accounted for 90% or more of the increased greenhouse gas climate forcing in recent years.
See also
18 Since 1751, more than 297 billion metric tons of carbon have been released into the atmosphere from anthropogenic sources, with half of the emissions occurring since 1978.
19 Atmospheric concentrations of carbon dioxide were approximately 280 parts per million (ppm) at the start of the Industrial Revolution in the 1780s. While it took a century and a half to reach atmospheric concentrations of 315 ppm, the trend accelerated in the twentieth century, reaching 360 ppm by the 1990s, and 384 ppm currently, 20 which exceeds atmospheric levels for at least the last 650,000 years, 21 and most likely the last 20 million years. Nitrous oxide emissions, primarily generated through fertilizer production and industrial processes, account for approximately 5% of greenhouse gas forcing in recent years.
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The increasing emissions translate into tangible human impacts. The World Health Organization has estimated that warming and precipitation trends over the past thirty years associated with anthropogenic climate change have claimed 150,000 lives annually, primarily attributable to human disease and malnutrition.
28 Recent studies have linked the significant increase in violent weather events over the past several decades to increases in sea surface temperature associated with climate change.
29 Other expressions of climate change include "increasing ground instability of permafrost regions . . . shifts in ranges and changes in algal, plankton and fish abundance in high-latitude oceans . . . [and] over the past three decades include shrinking glaciers on every continent, melting permafrost, shifts in the spring peaks of river discharge, and coastal erosion. Biological effects include phonological changes (such as the timing of blooming of fauna, species' migration and reproduction), and changes in community structure.
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However, the greatest trepidation of climate scientists lies in the outlook for this century and beyond, as atmospheric concentrations of greenhouse gases continue to rise. Absent aggressive global efforts to reduce greenhouse gas emissions, atmospheric concentrations of carbon dioxide may reach twice preindustrial levels by as early as 2050, 33 and perhaps triple by the end of the century. 34 The latest assessment by the IPCC projects that a doubling of atmospheric concentrations of carbon dioxide from preindustrial levels is likely to result in temperature increases in the range of 2
• -4.5
• C, with a best estimate of 3 • C. 35 This projection is remarkably consistent with paleoclimatic evidence. "[E]mpirical data climate change over the past 700,000 years yields a climate sensitivity of 3 / 4
• C for each W/m 2 of forcing, or 3 • C for a 4 W/m 2 forcing. 36 However, the time line for these projections may prove to be far too sanguine given a "shocking" rise in global energy demand in the past few years, according to the International Energy Agency (IEA) in its most recent World Energy Outlook. 37 The IEA report concludes that world energy demand has accelerated rapidly during this decade, primarily attributable to breakneck economic growth in China and India, and that world energy needs could be 50% higher in 2030 than today.
38 As a consequence, the IEA projects that atmospheric concentrations of carbon dioxide could rise to levels that would produce a 6
• C increase in global temperatures by 2030. 39 Moreover, the IPCC's most recent assessment's midrange scenario projects that sea levels will rise between 18 and 59 centimeters (7-23 inches) during the remainder of this century as a consequence of projected warming.
40 However, there is a very real possibility that sea levels will rise much more than this given potential dynamical responses of ice sheets in Greenland and West Antarctica, 41 which may exert substantial positive feedbacks on sea level rise over the next century and beyond.
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A recent study that incorporates ice dynamics projects that sea levels will rise between 0.8 and 2.0 meters, 43 "the highest estimates of sea level rise by 2100 that has been published in the literature to date." 44 In the longer term, if annual temperatures increase by more than 3
• C in the Antarctic region, which is highly likely by the end of this century, one study projects that globally averaged sea levels could increase by 7 meters over a period of 1,000 years or more.
45
Consistent scientific evidence predicts that climate change will have dire implications for both natural systems and human institutions. In the context of natural systems, the IPCC's most recent assessment concluded that "the resilience of many ecosystems is likely to be exceeded this century by an unprecedented combination of climate change, associated disturbances (e.g., flooding, drought, wildfire, insects, ocean acidification), and other global change drivers (e.g., land use change, pollution, overexploitation of resources)."
46 For example, coral reefs have extremely narrow temperature tolerances of between 25 and 29
• C, with some species in Pacific island developing countries (PIDCs) currently living near their threshold of thermal tolerance. 47 Projected sea temperature rises in the Pacific region over the next century are likely to result in a "catastrophic decline" in coral cover. 48 Loss of coral reefs could have similar implications in other regions, including the Indian Ocean and Caribbean Sea. 49 Overall, the World Bank has estimated that 50% of the subsistence and artisanal fisheries will be lost in regions where coral reefs die due to coral bleaching attributable to climate change. 50 The massive infusion of carbon dioxide into the world's oceans associated with the growth of anthropogenic emissions also may result in serious declines in coral reef calcification rates, further contributing to their destruction.
51
In addition, forest ecosystems may be negatively impacted by climate change. Climate change may drive changes in floristic composition in some regions, resulting in changes in forest composition. This could result in the decline of species that sustain assemblages of pollinators, herbivores, symbiotic fungi, and other important species in regions such as the Amazon. 52 In some cases, the loss of key tree species could result in the collapse of entire forest ecosystems.
53
Climate change may adversely impact a wide array of species through, inter alia, habitat alteration and destruction, changes in phenology (the relationship between climate and periodic biological phenomena, such as hibernation or migration), and direct temperature effects. 54 The IPCC in its Fourth Assessment Report concluded that 20-30% of species would likely face an increased risk of extinction if globally averaged temperatures rise 1.5-2.5
• C above 1980-1999 levels, and that 40-70% of species could be rendered extinct should temperature increases exceed 3.5
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Thus, climate change may pose the greatest global threat to biodiversity in most regions of the world by the middle or latter part of this century.
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In terms of human impacts, 100 million people may be imperiled by coastal flooding even under the middle range of projections, 57 with the very future of many small island nations potentially hanging in the balance. 58 Should sea level ultimately rise 4-6 meters, the results would be "globally catastrophic,"
59 resulting in the inundation of large parts of many major cities, including New York, London, Sydney, Vancouver, Mumbai, and Tokyo.
60 "In Florida, Louisiana, the Netherlands, Bangladesh and elsewhere, whole regions and cities may vanish. China's economic powerhouse, Shanghai, has an average elevation of just 4 metres."
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There is also likely to be a substantial increase in the incidence of a wide array of deadly diseases. This includes vector-borne infectious diseases such as malaria and dengue fever, 62 as well as water-borne diseases such as cholera and hepatitis A. 63 A
2
• C increase in temperature, for example, could lead to 40-60 million additional cases of malaria in Africa and millions of additional deaths.
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Global food production potential is anticipated to rise over a range of 1-3
• C temperature increases. 65 However, increased temperatures and regional declines in precipitation could exacerbate conditions in arid and semiarid regions, 66 resulting in substantial declines in crop production in many developing nations. 67 This could be especially disastrous in Africa, where close to half of the currently 800 million undernourished people reside. 68 The IPCC in its most recent assessment indicates that yields from rain-fed agriculture could decline by up to 50% by 2020. 69 The economic implications of climate change could also be extremely serious. A 2005 study for the European Commission projected that the cost of climate change could be more than $100 trillion by the end of this century. 70 Other studies project even potentially direr economic impacts. For example, the German Institute for Economic Research projects that economic damage could reach $20 trillion annually by 2100 under a business-as-usual scenario for greenhouse gas emissions, reducing global economic output by 6-8%. 71 The Stern Review on the Economics of Climate Change for the U.K. government concluded that warming on the higher end of projections could result in a 5-10% loss of GDP, with poorer countries suffering losses in excess of 10%. 72 
INTERNATIONAL LEGAL RESPONSES TO CLIMATE CHANGE
The primary international legal response to climate change to date is the United Nations Framework Convention on Climate Change (UNFCCC), 73 which entered into force in 1994 and has been ratified by 189 countries and the European Economic Community. 74 Unfortunately, resistance by several nations, most prominently, the United States and OPEC States, to mandatory reduction targets for greenhouse gas emissions led the drafters to resort instead to "constructive ambiguities" and "guidelines, rather than a legal commitment."
75 Thus, the UNFCCC merely calls
